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@ Sputtering processes and apparatus. 

@ Apparatus for sputtering coatings of material 
onto a substrate from a chamber (1) subject to 
substantial evacuatk>n during use, which In- 
cludes: 

— a substantially cylindrical target tube (2) 
having on a surface thereof the material to be 
sputtered 

— means for rotating the target tube about its 
longitudinal axis 

— magnetic means (4,5,6) for assisting tfie 
sputtering process by the provision of a mag- 
netic field in a sputtering zone associated witfi 
the target tube 

— means for moving the substrate ttirough 
the chamber and Into tiie sputtering zone 

— means (14) for introducing an ionlsable 
gas and a reactive gas into the chamber in the 
vicinity of the sputtering zone 

wherein supplementary magnetic means 
(8,9,10) are provided to fonm a supplementary 
magnetic field remote from the sputtering zone 
and means (13) are provided to introduce ionis- 
abie gas In the vicinity of tiie supplementary 
magnetic field. 
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This invention relates to processes and appara- 
tus for sputtering thin coatings of material onto a sub- 
strate and more particularly to such processes and 
apparatus utilising a tubular target (cathode) of the 
coating nrtaterial. 5 

Cathode sputtering processes are widely used 
for depositing thin coatings or films of material onto 
substrates. Such a process takes place in an evacu- 
ated chamber containing a small quantity of an ionis- 
able gas, for example argon; electrons emitted from io 
a source held within the chamber ionise the gas to 
form a plasma and the target comprising the material 
to be sputtered is bombarded by the Ions causing 
atonns of the target material to be dislodged and sub- 
sequently deposited as a film on the substrate being is 
coated. 

It is well known that In magnetron apparatus the 
rate of deposition may be increased by the use of 
magnetic means, for example an array of permanent 
magnets positioned in a predetermined manner, 20 
(commonly as a closed loop), associated with the 
cathode target to define the area or region, often re- 
ferred to as the "race-track", from which sputtering, or 
erosion of the target, occurs. 

The target is commonly of flat, elongate and rec- 25 
tangular form and the substrate being coated is 
moved continuously or intermittently relative to the 
target during the sputtering process. Apparatus hav- 
ing such a target and having magnetic means of the 
type described above is known as a planar magne- 30 
tron. 

One disadvantage of the conventional planar 
magnetron is that the race track along which the sput- 
tering takes place is relatively small and this causes 
erosion of the target surface in a relatively small, for 35 
example ring-shaped, region corresponding to the 
shape of the closed loop magnetic field. Thus, only a 
small portion of the total target surface area is con- 
sumed before the target needs replacing. 

It is also known, however, to replace the planar 40 
target with a hollow cylindrical one comprising, or hav- 
ing the outer surface thereof coated with, the material 
to be sputtered. Apparatus containing such a target is 
known as a cylindrical magnetron and is sold by Airco 
Coating Technology (a division of the Applicants) un- 45 
der the trade mark "C-Mag". 

In cylindrical magnetron apparatus, the cylindri- 
cal target is rotatable about its longitudinal axis either 
continuously or intermittently during use so that sput- 
tering is not confined to one particular area of the tar- so 
get surface. As with the planar magnetron, the sub- 
strate being coated is nnoved, again either continu- 
ously or intermittently, relative to the target in a direc- 
tion transverse to the longitudinal axis of the target. 

The magnetron means in the fornri of an array of 55 
permanent magnets are placed within the cylindrical 
target in a position closest to the substrate during 
coating and are generally held stattonary within the 



cylindrical target whilst (In use) the latter rotates. 
However, some adjustment of the magnet array rela- 
tive to the target is normally possible for overall ad- 
justment prior to each sputtering process. Such appa- 
ratus therefore allows a much greater amount of the 
target to be consumed in the sputtering process by 
selectively bringing different portions of the target 
into a sputtering position in respect of the magnetic 
field formed by the magnets. 

In reactive sputtering, a "reactive" gas is intro- 
duced Into the evacuated chamber in addition to the 
normal ionisable gas (commonly argon). This reactive 
gas is present to react in situ with particles of the tar- 
get material to produce a sputtered coating incorpor- 
ating the reaction products. For example it is known 
to deposit a coating of a mixture of silicon and alumi- 
nium oxides form a silicon-aluminium alloy target by 
sputtering in a chamber containing argon and oxygen. 
Alternatively replacement of the oxygen by nitrogen 
as the reactive gas, can produce a coating compris- 
ing a mixture of silicon and aluminium nitrides or re- 
placement by a hydrocarbon can produce a coating 
comprising a mixture of carbides. 

However, in such sputtering systems, there can 
be a tendency for the reactive gas to react with the 
target material prior to the individual target material 
particles being sputtered from the target, thereby 
forming a layer in the target of oxide, nitride or carbide 
(or whatever). The formation of such layer on the tar- 
get is clearly undesirable as it affects sputtering per- 
formance. 

It is common practice for the ionisable gas and 
the reactive gas to be introduced into the evacuated 
chamber through individual inlets or through a com- 
mon inlet. The present invention is concerned with 
controlling the introduction of these gases such that 
the problems associated with the formation of unde- 
sirable target layers is obviated or at least minimised. 

In accordance with the invention, there is provid- 
ed apparatus for sputtering coatings of material onto 
a substrate from a chamber subject to substantial 
evacuation during use, which includes: 

- a substantially cylindrical target tube having on 
a surface thereof the material to be sputtered 

- means for rotating the target tube about its 
longitudinal axis 

. - magnetic means for assisting the sputtering 
process by the provision of a magnetic field in 
a sputtering zone associated with the target 
tube 

- means for moving the substrate through the 
chamber and into the sputtering zone 

- means for introducing an ionisable gas and a 
reactive gas into the chamber in the vicinity of 
the sputtering zone 

wherein supplementary magnetic means are provid- 
ed to form a supplementary magnetic field remote 
from the sputtering zone and means are provided to 



3 



EP 0 537 011 A1 



4 



introduce ionisable gas in the vicinity of the supple- 
mentary magnetic field. 

It is generally preferred that reactive gas is not in- 
troduced into the chamber in the vicinity of the sup- 
plementary magnetic field. This allows a supplemen- 
tary sputtering process to occur in the supplementary 
magnetic field in the absence of such reactive gas. As 
such the supplementary process, by allowing the ion- 
isable gas to be ionised by the electron stream pres- 
ent in the chamber and by allowing the ionised gas to 
bombard the surface of the target tube, acts to re- 
move through such bombardment the film of reactive 
gas reaction products from the surface of the target 
tube. 

In preferred embodiments, the primary magnetic 
means for providing the field for the sputtering zone 
and the supplementary magnetic means each com- 
prise elongate arrays of magnets extending substan- 
tially the length of the tube, being substantially par- 
allel to the longitudinal axis of the target tube and be- 
ing positioned dose to the internal surface of the tar- 
get tube at diametrically opposed sides of the tube. 
The tube must be designed for rotation about its long- 
itudinal axis relative to the two magnetic arrays which 
will remain stationary. 

Preferably, the ionisable gas and the reactive 
gas are introduced into the sputtering zone associat- 
ed with the primary magnetic array and on the out- 
side of the tube by means of a pipe (or whatever) 
penetrating the sputtering zone; the pipe can be ad- 
vantageously perforated along its length within the 
sputtering zone. The gases may be introduced sepa- 
rately or pre-mixed. 

The ionisable gas alone, ie. with no reactive gas, 
Is preferably introduced into the chamber in the vicin- 
ity of the supplementary magnetic filed by a similar 
pipe, again preferably perforated. 

In this way and during use of the apparatus of the 
invention, the primary magnetic means are present to 
concentrate the deposition of sputtered material on to 
a substrate positioned dose to the target tube and In 
particular to the sputtering zone in which the reactive 
gas is delh^ered on a continual basis. 

By delivering only the ionisable gas (and no reac- 
tive gas) to the supplementary magnetic field area on 
the opposite side of the target tube, there will be sup- 
plementary sputtering taking place of material in that 
part of the tube and, in the absence of substantial 
amounts of reactive gas, this supplementary sputter- 
ing should remove any unwanted "reaction" film 
formed on the surface of the target tube during the re- 
active deposition phase. 

Although not essential, baffles may be used in 
the chamber to assist in the retention of the reactive 
gas In the sputtering zone only and prevent substan- 
tial quantities migrating to the supplementary mag- 
netic field area. 

For a better underetanding of the Invention, ref- 



erence will now be made, by way of exemplification 
only, to the accompanying drawing which show a 
schematic sectional view of an apparatus of the in- 
vention. 

5 With reference to the drawing, there is shown an 
apparatus of the invention having a chamber with a 
wall 1 within which is situated a target tube 2 mounted 
for rotation about its longitudinal axis by means not 
shown. 

10 Positioned within the target tube 2 (and held sta- 
tionary therein) is a primary magnet array 3 having 
mounted thereon three elongate permanent magnets 
4,5 and 6 of alternate polarity. The magnets 4,5 and 

6 are of substantially the same length as the tube 2 
15 and arranged to be parallel to the longitudinal axis of 

the tube 2. 

Also positioned within the target tube 2 (and held 
stationary therein) is a supplementary magnet array 

7 having mounted thereon three elongate permanent 
20 magnets 8,9,10, each of which are of substantially the 

same length as the tube 2 and arranged to be parallel 
to the longitudinal axis of the tube 2. 

Positioned externally of the tube 2 is a pair of baf- 
fles 11,12 which extend the length of the chamber 

25 and are designed to divide the chamber into upper 
and lower portions. 

A perforated pipe 13 is designed to deliver an ion- 
isable gas into the upper chamber position. A perfo- 
rated pipe 1 4 is designed to delh^er a mbcture of an lon- 

30 isable gas and a reactive gas into the lower chamber 
portion. 

A substrate 1 5 to be coated by sputtering from the 
target tube 2 is shown which, in use of the apparatus, 
moves in a direction at right angles to the longitudinal 

35 axis of the tube 2, ie. from left to right (or vice-versa) 
as shown in the drawing. 

The apparatus can therefore define, in use, a 
sputtering zone in the lower portion of the chamber 
between the external surface of the tube 2 and the 

40 substrate 1 5 and a supplementary magnetic field (re- 
mote from the sputtering zone) assodated with the 
supplementary magnetic array 7. 

In use of the apparatus, reactive gas (plus ionis- 
able gas) is introduced only via the pipe 14 into the 

45 sputtering zone in the lower chamber portion with the 
baffles 11,12 tending to keep the reaction gas in par- 
ticular in that zone. Sputtering onto the substrate 15 
therefore proceeds in the normal way. However, as 
stated above, the reactive gas may react with the tar- 

50 get material and form a layer of oxide, carbide and 
nitride on the surface of the tube 2 which may detract 
from the sputtering performance. 

However, on each revolution of the target tube 2, 
the supplementary sputtering in the upper chamber 

55 portion (in the absence of reactk}n gas) tends to re- 
move the deleterious layer from the tube surface by 
bombardment of ionised gas partides. 

In this way, the surface of the target tube 2 is 
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cleared on each revolution. 



Claims 



1. Apparatus for sputtering coatings of nrtaterial onto 
a substrate from a chamber subject to substantial 
evacuation during use, which includes: 

- a substantially cylindrical target tube having 

on a surface thereof the material to be sput- 10 
tered 

- means for rotating the target tube about Its 
longitudinal axis 

- magnetic means for assisting the sputter- 
ing process by the provision of a magnetic is 
field In a sputtering zone associated with 

the target tube 

- means for moving the substrate through 
the chamber and into the sputtering zone 

- means for introducing an lonisable gas and 20 
a reactive gas into the chamber in the vicin- 
ity of the sputtering zone 

wherein supplementary magnetic means are pro- 
vided to form a supplementary magnetic field re- 
mote from the sputtering zone and means are 25 
provided to Introduce ionisable gas in the vicinity 
of the supplementary magnetic field. 



Apparatus according to any preceding daim In 
which baffles are present in the chamber to as- 
sist retention of the reactive gas in the sputtering 
zone and to prevent substantial quantities mi- 
grating to the supplementary magnetic field 
area. 



Apparatus according to Claim 1 1n which the re- 
active gas is not introduced into the chamber in 
the vicinity of the supplementary magnetic field. 
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3. Apparatus according to Claim 1 or Claim 2 in 
which the primary magnetic means for providing 

the field for the sputtering zone and the supple- 35 
mentary magnetic means each comprise elon- 
gated arrays of magnets extending substantially 
the length of the tube, being substantially parallel 
to the longitudinal axis of the target tube and be- 
ing posiloned dose to the internal surface of the 40 
target tube at diametrically opposed sides of the 
tube. 

4. Apparatus according to any preceding claim in 
which the ionisable gas and the reactive gas are 45 
introduced Into the sputtering zone associated 
with the primary magnetic array and on the out- 
side of the tube by means penetrating the sput- 
tering zone. 

50 

5. Apparatus according to Claim 4 in which the 
means is a pipe perforated along its length within 
the sputtering zone. 

6. Apparatus according to any preceding dalm In 55 
which the ionisable gas alone is introduced into 

the chamber in the vicinity of the suppienientary 
magnetic field by means of a perforated pipe. 
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